Study of inclusive J/psi production in two-photon collisions at LEP II with the DELPHI detector by Abdallah, J. et al.
VU Research Portal
Study of inclusive J/psi production in two-photon collisions at LEP II with the DELPHI
detector





DOI (link to publisher)
10.1016/S0370-2693(03)00660-9
document version
Publisher's PDF, also known as Version of record
Link to publication in VU Research Portal
citation for published version (APA)
Abdallah, J., Blom, M. R., Drees, J., Palacios, J., van der Pol, M., Siebel, M., van Dam, P. A., & Zupan, M.
(2003). Study of inclusive J/psi production in two-photon collisions at LEP II with the DELPHI detector. Physics
Letters B, 565(1-4), 76-86. https://doi.org/10.1016/S0370-2693(03)00660-9
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
E-mail address:
vuresearchportal.ub@vu.nl
Download date: 27. May. 2021
e
Physics Letters B 565 (2003) 76–86
www.elsevier.com/locate/np
Study of inclusiveJ/ψ production in two-photon collisions
at LEP II with the DELPHI detector
DELPHI Collaboration
J. Abdallahw, P. Abreuu, W. Adamav, P. Adzick, T. Albrechtp, T. Alderweireldb,
R. Alemany-Fernandezh, T. Allmendingerp, P.P. Allportv, S. Almehedx, U. Amaldiaa,
N. Amapaneaq, S. Amatoas, E. Anashkinah, A. Andreazzaz, S. Andringau, N. Anjosu,
P. Antilogusy, W.-D. Apelp, Y. Arnoudm, S. Askx, B. Asmanap, J.E. Augustinw,
A. Augustinush, P. Baillonh, A. Ballestreroaq, P. Bambades, R. Barbiery, D. Bardino,
G. Barkerp, A. Baroncelliak, M. Battagliah, M. Baubillierw, K.-H. Becksax,
M. Begalli f , A. Behrmannax, T. Bellunatoh, K. Belousan, N. Benekosad, A. Benvenutie,
C. Beratm, M. Berggrenw, L. Berntzonap, D. Bertrandb, M. Besanconal, N. Bessonal,
D. Blochi, M. Blomac, M. Bonesiniaa, M. Boonekampal, P.S.L. Boothv, G. Borisovh,t,
O. Botnerat, B. Bouquets, T.J.V. Bowcockv, I. Boykoo, M. Brackoao, R. Brennerat,
E. Brodetag, P. Bruckmanq, J.M. Brunetg, L. Buggeae, P. Buschmannax, M. Calvi aa,
T. Camporesih, V. Canaleaj, F. Carenah, C. Carimalow, N. Castrou, F. Cavalloe,
M. Chapkinan, Ph. Charpentierh, P. Checchiaah, R. Chiericih, P. Chliapnikovan,
S.U. Chungh, K. Cieslikq, P. Collinsh, R. Contril , G. Cosmes, F. Cossuttiar,
M.J. Costaau, B. Crawleya, D. Crennellai, J. Cuevasaf, J. D’Hondtb, J. Dalmauap,
T. da Silvaas, W. Da Silvaw, G. Della Riccaar, A. De Angelisar, W. De Boerp,
C. De Clercqb, B. De Lottoar, N. De Mariaaq, A. De Minah, L. de Paulaas,
L. Di Ciaccioaj, A. Di Simoneak, K. Dorobaaw, J. Dreesax, M. Drisad, G. Eigend,
T. Ekelofat, M. Ellert at, M. Elsingh, M.C. Espirito Santoh, G. Fanourakisk,
D. Fassouliotisk, M. Feindtp, J. Fernandezam, A. Ferrerau, F. Ferrol, U. Flagmeyerax,
H. Foethh, E. Fokitisad, F. Fulda-Quenzers, J. Fusterau, M. Gandelmanas, C. Garciaau,
Ph. Gavilleth, E. Gazisad, D. Gelei, T. Geralisk, R. Gokielih,aw, B. Golobao,
G. Gomez-Ceballosam, P. Goncalvesu, E. Grazianiak, G. Grosdidiers, K. Grzelakaw,
J. Guyai, C. Haagp, F. Hahnh, S. Hahnax, A. Hallgrenat, K. Hamacherax, K. Hamiltonag,
J. Hansenae, S. Haugae, F. Haulerp, V. Hedbergx, M. Henneckep, H. Herrh,
S.-O. Holmgrenap, P.J. Holtag, M.A. Houldenv, K. Hultqvistap, J.N. Jacksonv,
Ch. Jarlskogx, G. Jarlskogx, P. Jarryal, D. Jeansag, E.K. Johanssonap, P.D. Johanssonap,
P. Jonssony, C. Joramh, L. Jungermannp, F. Kapustaw, S. Katsanevasy, E. Katsoufisad,0370-2693/03/$ – see front matter 2003 Published by Elsevier B.V.
doi:10.1016/S0370-2693(03)00660-9
DELPHI Collaboration / Physics Letters B 565 (2003) 76–86 77R. Keranenp, G. Kernelao, B.P. Kersevanh,ao, A. Kiiskinenn, B.T. Kingv, N.J. Kjaerh,
P. Kluit ac, P. Kokkiniask, C. Kourkoumelisc, O. Kouznetsovo, Z. Krumsteino,
M. Kucharczykq, J. Kurowskaaw, B. Laforgew, J. Lamsaa, G. Lederav, F. Ledroitm,
L. Leinonenap, R. Leitnerab, J. Lemonneb, G. Lenzenax, V. Lepeltiers, T. Lesiakq,
W. Liebigax, D. Liko h,av, A. Lipniackaap, J.H. Lopesas, J.M. Lopezaf, D. Loukask,
P. Lutzal, L. Lyonsag, J. MacNaughtonav, A. Malekax, S. Maltezosad, F. Mandlav,
J. Marcoam, R. Marcoam, B. Marechalas, M. Margoniah, J.-C. Marinh, C. Mariottih,
A. Markouk, C. Martinez-Riveroam, J. Masikab, N. Mastroyiannopoulosk,
F. Matorrasam, C. Matteuzziaa, F. Mazzucatoah, M. Mazzucatoah, R. Mc Nultyv,
C. Meroniz, W.T. Meyera, E. Miglioreaq, W. Mitaroff av, U. Mjoernmarkx, T. Moaap,
M. Mochp, K. Moenigh,j , R. Mongel, J. Montenegroac, D. Moraesas, S. Morenou,
P. Morettinil, U. Muellerax, K. Muenichax, M. Muldersac, L. Mundimf, W. Murrayai,
B. Murynr, G. Myattag, T. Myklebustae, M. Nassiakouk, F. Navarriae, K. Nawrockiaw,
S. Nemecekab, R. Nicolaidoual, P. Niezurawskiaw, M. Nikolenkoo,i , A. Nygrenx,
A. Oblakowska-Muchar, V. Obraztsovan, A. Olshevskio, A. Onofreu, R. Oravan,
K. Osterbergh, A. Ouraoual, A. Oyangurenau, M. Paganoniaa, S. Paianoe, J.P. Palaciosv,
H. Palkaq, Th.D. Papadopoulouad, L. Papeh, C. Parkesv, F. Parodil, U. Parzefallv,
A. Passeriak, O. Passonax, L. Peraltau, V. Perepelitsaau, A. Perrottae, A. Petrolinil ,
J. Piedraam, L. Pieriak, F. Pierreal, M. Pimentau, E. Piottoh, T. Podobnikao, V. Poireaual,
M.E. Polf, G. Polokq, P. Poropatar, V. Pozdniakovo, P. Priviteraaj, N. Pukhaevab,o,
A. Pulliaaa, J. Ramesab, L. Ramlerp, A. Readae, P. Rebecchih, J. Rehnp, D. Reidac,
R. Reinhardtax, P. Rentonag, F. Richards, J. Ridkyab, I. Ripp-Baudoti, D. Rodriguezam,
A. Romeroaq, P. Roncheseah, E. Rosenberga, P. Roudeaus, T. Rovellie,
V. Ruhlmann-Kleideral, D. Ryabtchikovan, A. Sadovskyo, L. Salmin, J. Saltau,
A. Savoy-Navarrow, C. Schwandaav, B. Schweringax, U. Schwickerathh, A. Segarag,
R. Sekulinai, M. Siebelax, A. Sisakiano, G. Smadjay, O. Smirnovax, A. Sokolovan,
A. Sopczakt, R. Sosnowskiaw, T. Spassovh, M. Stanitzkip, A. Stocchis,∗, J. Straussav,
B. Stugud, M. Szczekowskiaw, M. Szeptyckaaw, T. Szumlakr, T. Tabarelliaa,
A.C. Taffardv, F. Tegenfeldtat, F. Terranovaaa, J. Timmermansac, N. Tinti e,
L. Tkatchevo, M. Tobinv, S. Todorovovah, B. Tomeu, A. Tonazzoaa, P. Tortosaau,
P. Travnicekab, D. Treilleh, G. Tristramg, M. Trochimczukaw, C. Tronconz,
I.A. Tyapkino, P. Tyapkino, S. Tzamariask, O. Ullalandh, V. Uvarovan, G. Valentie,
P. Van Damac, J. Van Eldikh, A. Van Lysebettenb, N. van Remortelb, I. Van Vulpenac,
G. Vegniz, F. Velosou, W. Venusai, F. Verbeureb, P. Verdiery, V. Verzi aj,
D. Vilanovaal, L. Vitalear, V. Vrbaab, H. Wahlenax, A.J. Washbrookv, C. Weiserh,
D. Wickeh, J. Wickensb, G. Wilkinsonag, M. Winteri, M. Witekq, O. Yushchenkoan,
A. Zalewskaq, P. Zalewskiaw, D. Zavrtanikao, N.I. Zimin o, A. Zintchenkoo,
Ph. Zolleri, M. Zupank
78 DELPHI Collaboration / Physics Letters B 565 (2003) 76–86a Department of Physics and Astronomy, Iowa State University, Ames, IA 50011-3160, USA
b Physics Department, Universiteit Antwerpen, Universiteitsplein 1, B-2610 Antwerpen, Belgium,
and IIHE, ULB-VUB, Pleinlaan 2, B-1050 Brussels, Belgium,
and Faculté des Sciences, Université de l’Etat Mons, Av. Maistriau 19, B-7000 Mons, Belgium
c Physics Laboratory, University of Athens, Solonos Str. 104, GR-10680 Athens, Greece
d Department of Physics, University of Bergen, Allégaten 55, NO-5007 Bergen, Norway
e Dipartimento di Fisica, Università di Bologna and INFN, Via Irnerio 46, IT-40126 Bologna, Italy
f Centro Brasileiro de Pesquisas Físicas, rua Xavier Sigaud 150, BR-22290 Rio de Janeiro, Brazil,
and Departamento de Física, Pontificia Universidade Católica, C.P. 38071 BR-22453 Rio de Janeiro, Brazil,
and Instituto de Física, Universidade Estadual do Rio de Janeiro, rua São Francisco Xavier 524, Rio de Janeiro, Brazil
g Collège de France, Laboratoire de Physique Corpusculaire, IN2P3-CNRS, FR-75231 Paris Cedex 05, France
h CERN, CH-1211 Geneva 23, Switzerland
i Institut de Recherches Subatomiques, IN2P3-CNRS/ULP-BP20, FR-67037 Strasbourg Cedex, France
j Now at DESY-Zeuthen, Platanenallee 6, D-15735 Zeuthen, Germany
k Institute of Nuclear Physics, N.C.S.R. Demokritos, P.O. Box 60228, GR-15310 Athens, Greece
l Dipartimento di Fisica, Università di Genova, and INFN, Via Dodecaneso 33, IT-16146 Genova, Italy
m Institut des Sciences Nucléaires, IN2P3-CNRS, Université de Grenoble 1, FR-38026 Grenoble Cedex, France
n Helsinki Institute of Physics, HIP, P.O. Box 9, FI-00014 Helsinki, Finland
o Joint Institute for Nuclear Research, Dubna, Head Post Office, P.O. Box 79, RU-101 000 Moscow, Russian Federation
p Institut für Experimentelle Kernphysik, Universität Karlsruhe, Postfach 6980, DE-76128 Karlsruhe, Germany
q Institute of Nuclear Physics, Ul. Kawiory 26a, PL-30055 Krakow, Poland
r Faculty of Physics and Nuclear Techniques, University of Mining and Metallurgy, PL-30055 Krakow, Poland
s Université de Paris-Sud, Laboratoire de l’Accélérateur Linéaire, IN2P3-CNRS, Bât. 200, FR-91405 Orsay Cedex, France
t School of Physics and Chemistry, University of Landcaster, Lancaster LA1 4YB, UK
u LIP, IST, FCUL, Av. Elias Garcia,14-1◦, PT-1000 Lisboa Codex, Portugal
v Department of Physics, University of Liverpool, P.O. Box 147, Liverpool L69 3BX, UK
w LPNHE, IN2P3-CNRS, Université Paris VI et VII, Tour 33 (RdC), 4 place Jussieu, FR-75252 Paris Cedex 05, France
x Department of Physics, University of Lund, Sölvegatan 14, SE-223 63 Lund, Sweden
y Université Claude Bernard de Lyon, IPNL, IN2P3-CNRS, FR-69622 Villeurbanne Cedex, France
z Dipartimento di Fisica, Università di Milano and INFN-MILANO, Via Celoria 16, IT-20133 Milan, Italy
aaDipartimento di Fisica, Univ. di Milano-Bicocca and INFN-MILANO, Piazza della Scienza 2, IT-20126 Milan, Italy
ab IPNP of MFF, Charles University, Areal MFF, V Holesovickach 2, CZ-180 00, Praha 8, Czech Republic
ac NIKHEF, Postbus 41882, NL-1009 DB Amsterdam, The Netherlands
ad National Technical University, Physics Department, Zografou Campus, GR-15773 Athens, Greece
aePhysics Department, University of Oslo, Blindern, NO-0316 Oslo, Norway
af Departamento de Fisica, Universidad de Oviedo, Avda. Calvo Sotelo s/n, ES-33007 Oviedo, Spain
ag Department of Physics, University of Oxford, Keble Road, Oxford OX1 3RH, UK
ah Dipartimento di Fisica, Università di Padova and INFN, Via Marzolo 8, IT-35131 Padua, Italy
ai Rutherford Appleton Laboratory, Chilton, Didcot OX11 OQX, UK
aj Dipartimento di Fisica, Università di Roma II, and INFN, Tor Vergata, IT-00173 Rome, Italy
ak Dipartimento di Fisica, Università di Roma III, and INFN, Via della Vasca Navale 84, IT-00146 Rome, Italy
al DAPNIA/Service de Physique des Particules, CEA-Saclay, FR-91191 Gif-sur-Yvette Cedex, France
am Instituto de Fisica de Cantabria (CSIC-UC), Avda. los Castros s/n, ES-39006 Santander, Spain
an Institute for High Energy Physics, Serpukov P.O. Box 35, Protvino, Moscow Region, Russian Federation
ao J. Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia,
and Laboratory for Astroparticle Physics, Nova Gorica Polytechnic, Kostanjeviska 16a, SI-5000 Nova Gorica, Slovenia,
and Department of Physics, University of Ljubljana, SI-1000 Ljubljana, Slovenia
ap Fysikum, Stockholm University, Box 6730, SE-113 85 Stockholm, Sweden
aq Dipartimento di Fisica Sperimentale, Università di Torino, and INFN, Via P. Giuria 1, IT-10125 Turin, Italy
ar Dipartimento di Fisica, Università di Trieste, and INFN, Via A. Valerio 2, IT-34127 Trieste, Italy,
and Istituto di Fisica, Università di Udine, IT-33100 Udine, Italy
asUniversidade Federal do Rio de Janeiro, C.P. 68528 Cidade Univ., Ilha do Fundão BR-21945-970 Rio de Janeiro, Brazil
at Department of Radiation Sciences, University of Uppsala, P.O. Box 535, SE-751 21 Uppsala, Sweden
au IFIC, Valencia-CSIC, and D.F.A.M.N., Universidad de Valencia, Avda. Dr. Moliner 50, ES-46100 Burjassot, Valencia, Spain
av Institut für Hochenergiephysik, Österr. Akad. d. Wissensch., Nikolsdorfergasse 18, AT-1050 Vienna, Austria
DELPHI Collaboration / Physics Letters B 565 (2003) 76–86 79
rom the
ofaw Institute of Nuclear Studies and University of Warsaw, Ul. Hoza 69, PL-00681 Warsaw, Poland
ax Fachbereich Physik, University of Wuppertal, Postfach 100 127, DE-42097 Wuppertal, Germany
Received 24 April 2003; accepted 6 May 2003
Editor: L. Montanet
Abstract
InclusiveJ/ψ production in photon–photon collisions has been observed at LEP II beam energies. A clear signal f
reactionγ γ → J/ψ +X is seen. The number of observedN(J/ψ → µ+µ−) events is 36± 7 for an integrated luminosity
of 617 pb−1, yielding a cross-section ofσ(J/ψ + X)= 45± 9(stat)± 17(syst) pb. Based on a study of the event shapes
different types ofγ γ processes in the PYTHIA program, we conclude that(74± 22)% of the observedJ/ψ events are due to
‘resolved’ photons, the dominant contribution of which is most probably due to the gluon content of the photon.

















An important component of the+e− collisions at
LEP II energy is the two-photon fusion process.
has been pointed out that two-photon production
inclusiveJ/ψ mesons:
(1)e+ + e− → e+ + e− + γ1 + γ2,
(2)γ1 + γ2 → J/ψ +X.
is a sensitive channel for investigating the glu
distribution in the photon [1].
There are two important processes leading to
clusive J/ψ production. The corresponding typic
diagrams are given in Fig. 1(a)–(b). Less import
diagrams are not considered here. The first pro
is described by the vector-meson dominance (VD
model [2]:
(3)γ1 → c+ c̄, γ2 → q + q̄,
γ1 + γ2 → J/ψ + q + q̄
as shown in Fig. 1(a). The vertices forγ1 and γ2
are connected by Pomeron exchange or diffrac
dissociation of photons. The final-state parton pa
c + c̄ andq + q̄ are both in the state ofJPC = 1−−,
which means that the latter is dominated by the lo
mass vector mesonsρ0, ω andφ but a more genera(a)
(b)
Fig. 1. InclusiveJ/ψ production in γ γ processes: (a) throug
vector-meson dominance, (b) via gluon content of the photon,
‘resolved’ contributions.
inclusive hadronization of the partons may also
important.
The second process is described, for example
the colour-octet model [3]. It proceeds through t
* Corresponding author.
E-mail address:stocchi@lal.in2p3.fr (A. Stocchi).











































hanso-called ‘resolved’ contribution of the photons,
which the intermediate photons are ‘resolved’ in
their constituent partons:
γ1 + gγ → c+ c̄, γ2 + gγ → q + q̄,
(4)γ1 + γ2 → J/ψ + q + q̄,
as shown in Fig. 1(b). It is seen that this process
quires production of a ‘resolved’ gluon (gγ ) from both
photons. Thus, this production mechanism provide
sensitive probe of the gluon content of the photon.
The purpose of this Letter is to report the obser
tion of inclusiveJ/ψ production from the two-photo
fusion process, to give its production characteris
along with the cross-section and finally to assess
relative importance of the production processes
cussed above. Section 2 describes the selection cr
for the event sample collected for this study. The m
surement of inclusiveJ/ψ production in theµ+µ−
channel and its interpretation in terms of diffracti
and resolved processes is presented in Section 3
lowed by a summary and conclusions.
2. Experimental procedure
The analysis presented here is based on the
taken with the DELPHI detector [4,5] during th
years 1996–2000, excluding the part of the d
collected in the last period of 2000, when one of
Time Projection Chamber (TPC) sectors was no
operation. The centre-of-mass energies
√
for LEP
ranged from 161 to 207 GeV. The total integra
luminosity used in the analysis is 617 pb−1.
The charged particle tracks were measured in
1.2 T magnetic field by a set of tracking detecto
including the microVertex Detector (VD), the Inn
Detector (ID), the TPC, the Outer Detector (OD) a
the Forward/Backward Chambers FCA and FCB. T
following selection criteria were applied:
(a) particle momentump > 200 MeV/c;
(b) relative momentum error of a trackp/p <
100%;
(c) impact parameter of a track, transverse to
beam axis< 3 cm;
(d) impact parameter of a track, along the beam a
< 7 cm;(e) polar angle of a track, with respect to the be
axis 10◦ < θ < 170◦;
(f) track length> 30 cm.
The neutral particles (γ , π0, K0L, n) were selected
by demanding that the calorimetric information, n
associated with charged particle tracks, satisfies
following cuts:
(g) E(neutral) > 0.2 GeV for the electromagneti
showers, unambiguously identified as photons
(h) E(neutral) > 0.5 GeV for all the other showers;
(i) polar angle of neutral particle tracks, with respe
to the beam axis 10◦ < θ < 170◦.
In order to ensure a very high trigger efficiency, t
selected events were required to satisfy at leastoneof
the following sets of criteria:
( j1) one or more charged particle tracks in the ba
region (40◦ < θ < 140◦) with pt > 1.2 GeV/c, is
found;
( j2) one or more neutral particle tracks in the Forwa
ElectroMagnetic Calorimeter (FEMC) (10◦ <
θ < 36◦ and 144◦ < θ < 170◦) with energy
greater than 10 GeV, is found;
( j3) the total sum of charged particle tracks in t
barrel with pt > 1 GeV/c, of charged particle
tracks in the forward region (10◦ < θ < 40◦ or
140◦ < θ < 170◦) with pt > 2 GeV/c and of
neutral particle tracks in the FEMC withE >
7 GeV, is greater than one;
( j4) the total sum of charged particle tracks in t
barrel withpt > 0.5 GeV/c, of charged particle
tracks in the forward region withpt > 1 GeV/c
and of neutral particle tracks in the FEMC wi
E > 5 GeV, is greater than four.
The trigger efficiency for the events which passed
above requirements is bigger than 98%.
The hadronic two-photon events are characteri
by a low visible invariant mass. Consequently,
following additional cuts were applied:
(k) the visible invariant mass,Wvis, calculated from
the four-momentum vectors of the measu
charged and neutral particle tracks, is less t
35 GeV/c2;






























Fig. 2. Wvis distributions for the LEP II DELPHI data, for th
simulatedγ γ → hadrons,e+e− → Z0γ , e+e− → W+W− and
the sum of all above Monte Carlo contributions.
(l) the number of charged particle tracksNch satis-
fies 4Nch  30;
(m) the sum of the transverse energy compone







The comparison of theWvis distributions, after the cut
on Nch and
∑
EvisT , both for the data and the even
simulated by PYTHIA, shows (Fig. 2) that the c
Wvis  35 GeV/c2 rejects the major part of the non
two-photon events.
A total of Nt = 274 510 events remain in th
data sample after applying all these cuts. The m
background comes from the processe+e− → Zγ and
amounts to∼ 1.2% of the selectedγ γ events. The
background from thee+e− → W+W− is negligible,
as seen in Fig. 2.
J/ψ candidates have been selected using theµ+µ−
decay channel. For the muon pair selection, the follo
ing criteria were imposed:
(n) at least two charged particle tracks, with ze
net charge, should be accepted by the standFig. 3. M(µ+µ−) distribution from the LEP II DELPHI data
The solid curve corresponds to a Gaussian fit over a second-
polynomial background.
DELPHI muon-tagging algorithm [5], or be iden
tified as muons by the hadronic calorimeter;
(o) the tracks should not come from any reconstruc
secondary vertex or be identified as a kaon, pro
or electron by the standard DELPHI identificati
packages.
3. Inclusive J/ψ production
In this section, we first determine the inclusiveJ/ψ
production in theµ+µ− channel. Then we interpre
it in terms of diffractive and resolved processes
fitting the experimentalp2T (J/ψ) distribution to the
PYTHIA predictions for both processes. This allo
to deduce the cross-section for inclusiveJ/ψ produc-
tion, taking into account theγ γ → J/ψ +X and the
J/ψ → µ+µ− efficiencies. As the first set of effi
ciencies is model-dependent, we also give the ‘visib
cross-section in which only the detector efficiency
J/ψ →µ+µ− decay is considered. We finally prese
the J/ψ production characteristics together with t
PYTHIA predictions.
In Fig. 3 we give the invariant mass distributio
for identified µ+µ− pairs, selected as outlined
the previous section. TheJ/ψ signal shows up ove






















(J/ψ) distribution from the LEP II DELPHI data, show
as points with error bars. The histogram is a combination of
normalized ‘resolved’ and ‘diffractive’ processes from PYTH
(see text).
little background. A least squares fit to theM(µ+µ−)
distribution with a Gaussian for the signal and
second-order polynomial for the background gives
following results:
J/ψ mass: M = 3119± 8 MeV/c2,
J/ψ width: σ(obs)= 35± 7 MeV/c2.
The observed width of the peak is consistent wit
errors with the invariant mass resolution of a p
of charged particle tracks in the mass region aro
3 GeV/c2. The number of observed events from the
is:
N(J/ψ) = 36± 7 events,
over a background of about 11 events.
If we take the L3 result [6] for the beauty cros
section fromγ γ events and the PDG value [7] fo
the branching ratio of beauty hadrons toJ/ψ , the
expected number ofJ/ψ → µ+µ− from beauty
hadrons is 2.1 ± 0.6. The backgrounds from th
processese+ + e− → Z + γ → J/ψ + X andγ +
γ → χc2 → J/ψ + π+ + π− + π0 are less than
0.20 and 0.30 event, respectively. According to
selection criteria the systemX contains at least two
charged particle tracks, hence we do not consFig. 5. Efficiencies for resolved and diffractive processes as fu
tions ofp2T .
Fig. 6. |y| distribution forJ/ψ mesons from the LEP II DELPH
data, shown as points with error bars. The histogram is a comb
tion of the normalized ‘resolved’ and ‘diffractive’ processes fro
PYTHIA (see text).
such sources ofJ/ψ production asγ + γ → χc2 →
J/ψ + γ . We checked that in the four-prong even
with J/ψ → µ+µ− candidates there are no phot
conversions.
DELPHI Collaboration / Physics Letters B 565 (2003) 76–86 83
aFig. 7. Visible distributions ofM(J/ψ + X) (a),M(X) (b), charged (c) and total (d) multiplicities of theX system. Each histogram is



















arWe used the PYTHIA 6.156 generator [8] to es
mate the efficiency. The generated events were pa
through the simulation package of the DELPHI d
tector [5] and then processed with the same rec
struction and analysis programs as the real data. T
is a substantial fraction of PYTHIA events whe
J/ψ mesons are produced just as a simple fusion
two photons because there is not enough phase s
to produce additional particles. We do not use s
events. The process where both photons are V
photons we will call ‘diffractive’ and the process with
out VDM photons we will call ‘resolved’.e
A set of theJ/ψ production characteristics is e
hibited in Figs. 4–8. For each bin of every distrib
tion shown, we have examined theM(µ+µ−) spec-
trum and then fitted with a Gaussian and a second
der polynomial background, to get the number of s
nal events per bin. This number is then renormali
for each distribution, so that the total sum is alwa
qual to 36 events. Hence, Figs. 4–8 are backgro
subtracted distributions.
Fig. 4 shows thep2T (J/ψ) distribution. As ex-
pected, the PYTHIA Monte Carlo prediction for th
p2T (J/ψ) distribution is more sharply peaked ne
84 DELPHI Collaboration / Physics Letters B 565 (2003) 76–86Fig. 8. Acceptance-corrected distributions in cosθ whereθ is the helicity angle ofµ+ in the rest frame ofJ/ψ → µ+µ−. The figures (a)–(c)
correspond to the total sample (a), the subsamples withp2
T
(J/ψ) < 1.0 (GeV/c)2 (b) andp2
T
























n.zero for the ‘diffractive’ events (see Fig. 1(a)) than f
the ‘resolved’ events (see Fig. 1(b)). We fitted the
perimentalp2T (J/ψ) distribution as a function of th













which givesf = (26± 22)% (PYTHIA distributions
in Fig. 4 are normalized to the data). The PYTH
study tells us that the experimental efficiencies
very different for the two categories:
ε(diffractive)= (0.98± 0.04)%,
(6)ε(resolved)= (3.87± 0.09)%.
According to PYTHIA, about one-half of all th
γ γ events withJ/ψ → µ+µ− are produced with
the charged particle tracks at polar angles below
degrees, so that they are invisible to the DELP
detector. The individual efficiencies as a function
p2T are given in Fig. 5. Some insight may be gain
into these efficiencies if they are broken down in
products of two factors, as follows:
ε(diffractive)= εγ γ (diffractive)
× εJ/ψ→µ+µ−(diffractive),
(7)
ε(resolved)= εγ γ (resolved)
× εJ/ψ→µ+µ−(resolved),
where εγ γ is the efficiency for the processγ γ →




It is clear, therefore, that the difference in efficien
in (6) is mostly due toεγ γ . This is highly process
dependent and hence model-dependent.









which givesε = (2.19+1.27−0.59)%. Under the assumptio
that PYTHIA captures the kinematical features
the resolved and diffractive processes, but not th
absolute cross-sections, the cross-section for inclu
J/ψ production is:
σ =N(J/ψ)(Br ·Lε)−1
(10)= 45± 9(stat)± 17(syst) pb,
whereBr = (5.88± 0.10)% is the branching ratio fo
J/ψ → µ+µ− [7] and L = 617 pb−1 is the total
integrated luminosity. The systematic uncertain
include both the efficiency (9) and the branching ra
contributions but not those inherent to the PYTH
program.
Because of the model-dependent aspect of
analysis (see, for example, the efficiencies given
(6)), it is of interest to quote the ‘visible’ cross-sectio
SubstitutingεJ/ψ→µ+µ−(diffractive) andεJ/ψ→µ+µ−
















































ogy,(resolved) for ε(diffractive) andε(resolved), respec-
tively, in (9), the ‘visible’ cross-section can be calc
lated; it is:
(11)σvis = 3.0± 0.6(stat)± 0.1(syst) pb.
The main source of systematic uncertainty com
from the determination of the relative fractions
resolved and diffractive events which have differe
efficiencies (8). Following the same argument,
also give the ‘visible’ production rate〈n〉 for J/ψ
production:
〈n〉 =N(J/ψ)(Nt · Br · εJ/ψ→µ+µ−
)−1
(12)= (6.7± 1.3(stat)± 0.3(syst))× 10−3,
whereNt is the data sample for theγ γ selection as
given in the previous section.
The rapidity distribution in the laboratory syste
for theJ/ψ mesons is shown in Fig. 6. The PYTHI
events have been combined using the same fractiof
found in (5) and then normalized to the observed nu
ber of events in 0< |y| < 2.0. The same technique
have been used to compare the experimental distr
tions ofM(J/ψ + X), M(X), the charged and tota
multiplicities (Nch(X) andNtot(X)), in Fig. 7(a)–(d).
There is fair agreement within statistics between
shapes of our measured distributions and the PYTH
predictions (using the best fit as found in (5) for t
relative content of diffractive and resolved events a
renormalizing the PYTHIA prediction to the numb
of observed events).
The acceptance-corrected distributions in coθ ,
whereθ is the helicity angle ofµ+ in the rest frame o
J/ψ → µ+µ−, are shown in Fig. 8(a)–(c), along wit
the results of a fit to the form (1+ a cos2 θ ). The fitted
parameters area = −0.9±0.6 for the total sample (a)
a = −1.8± 0.5 for p2T (J/ψ) < 1.0 (GeV/c2) (b) and
a = 0.7±1.3 forp2T (J/ψ) > 1.0 (GeV/c)2 (c). These
results indicate that theJ/ψ mesons are produce
with little polarization at highp2T (J/ψ), where the
main contribution comes from the resolved process
4. Conclusions
We have studied the inclusiveJ/ψ production
from γ γ collisions. The data have been taken by
DELPHI Collaboration during the LEP II phase, i.e√
s of the LEP machine ranged from 161 to 207 Ge
A clear signal from the reactionγ γ → J/ψ + X is
seen.
The inclusive cross-section is estimated to
σ(J/ψ +X) = 45± 9(stat)± 17(syst) pb. Based on
a study of thep2T distribution of different types ofγ γ
processes in the PYTHIA program, we conclude t
some(74± 22)% of the observedJ/ψ events are due
to the ‘resolved’ photons, the dominant contribution
which should correspond to the gluon content of
photon [3].
The distributions inp2T (J/ψ), y and cosθ (for µ
+
in the rest frame ofJ/ψ → µ+µ−) are presented. In
addition, a study is given of the characteristics of
systemX. All distributions appear to be well repro
duced within statistics by the normalized combinat
of the fitted ‘resolved’ and ‘diffractive’ contributions
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